Editorial
To meet the challenges of increased productivity, quality, and capacity from the international manufacturing community and to provide a distinct competitive edge, researchers both in academe and industry have been actively seeking ways to improve the machining and finishing processes. This special issue of the Journal of Vibration and Control is a collection of papers on the latest research developments for improving the surface finish quality of the workpiece by developing a better understanding of the dynamics and controls of the machining process and by automating the finishing process to more effectively remove burrs left from prior machining/fabrication processes. The research topics addressed in the following papers are driven by industry's continued demand for higher precision parts, and because manual finishing is time consuming, expensive, and hazardous, pledged with a dramatic increase in cumulative trauma disorders among manual deburring operators.
The first paper focuses on the elimination of chatter vibrations in machining, a fundamental problem in machine tool dynamics. It is well known that chatter reduces the tool life, causes poorer surface finish, and leads to alignment problems and damaged bearings. Hence, there has been extensive research on the understanding of the mechanisms behind chatter and its elimination. In the first paper, the authors apply the perturbation method of strained parameters to obtain approximate analytical solutions to the chatter problem with spindle speed variations.
In the second paper, the authors address the heightened concerns of the dynamic performance of machine tools with the recent applications of advancements in spindle technology. These advancements, which allow much higher spindle speeds and power, have created a new area of research known as high-speed machining. The second paper's authors present the conception, design and development of an electromagnetically actuated active damper to improve the chatter stability of the structural modes of a high-speed machine tool.
Using a design philosophy contrary to that commonly used by machine tool designers, the authors of the third paper investigate the exploitation of a priori knowledge of the & d q u o ; dynamic stiffness of a grinding system. The objective of their investigation was to determine if operating a grinding wheel at a natural frequency results in improved surface finish.
Addressing the issues of automating the manual deburring, the next three papers focus on the control issues of edge chamfering and deburring. The first set of authors automate edge finishing by combining active position/force control with a fuzzy-logic supervisor. They implement their task-level controller on an xy table for the purpose of finishing planar parts. Their controller is designed to compensate for part tolerance and fixturing errors. The fuzzy logic supervisor used an empirically derived model of the cutting process.
The authors of the fifth paper use a process model based force control approach for the automation of edge deburring using micromanipulators. Their control system is designed to improve the chamfered edge quality of a workpiece by actively modifying the applied normal force, hence eliminating the constant force controlled deburring systems' inherent characteristic of leaving the finished surface or edge as an imprint of the original. The authors' overall objective was to provide the micromanipulator with the ability to generate an appropriate response to burr variations and other operating conditions.
The last paper also focuses on improving the control system of automated edgedeburring systems. The authors take a two-pass approach that removes burrs and produces a consistent chamfer, even with fixture, part, and robot errors. In the first pass, compliance control is used to remove the burr. In the second pass, the chamfer depth variations are smoothed out using chamfer control with a chamfer estimator. The controllers of the last two papers are applied to a robotic system that uses around-the-arm end-effector technology. I hope that this attempt to put together a collection of papers on the vibration and control of both machining and finishing processes has provided a catalyst for further research and development.
